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o Agriculture supported by Earth Observation and Al

MORERA: MOnItoRIng Efficient IRrigation and Agricultural yields

Making the most of a scarce resource such as water is the objective of MORERA, a comprehensive system for the agricultural sector that will allow to reduce the
amount of water used for crops by up to 25%. In most regions of the world, more than 70% of fresh water is used for agriculture. By 2050, feeding a world population
of 9 billion with 65% of people living In cities, will require an estimated 50% increase in agricultural production and a 15% increase in water withdrawals.

To face these challenges MORERA project was funded by the Spanish Center for the Technical Development and Innovation (CDTI) and developed with support of

Spanish Institute for Sustainable Agriculture (CSIC-1AS) to deliver:

o A new generation of Miniaturized Instruments for Remote Sensing operating in Thermal InfraRed (TIR) capable of measuring crops and soil evapotranspiration

with accuracy and enhanced agility.

. Artificial intelligence (Al) and Big Data techniques, to combine all relevant input sources (weather forecast, historical data, ground sensors, satellite data, etc.) to

build watering recommendations for each crop.

o Final personalized irrigation recommendations directly provided to the farmer, through a friendly interface that makes it possible to enter data and corrections
and refine the predictions as per user needs. This shall allow all types of exploitations to implement Precision Farming techniques.

TIR Instrument

Our Smart-TIRI (Thermal Infra-Red
mager) instrument fills the gap between
nigh-end and low-end missions, with the
nest compromise between cost, mass
and performance.

Thales Alenia Space Spain, together with a selected group of partners (ASE
Optics, LIDAX and INTA) has developed in the frame of the MORERA Project,
an innovative Thermal Infrared multispectral non-refrigerated compact instrument
(SMART-TIRI LWIR) oriented to cubesat or micro-satellite platforms and
validated at TRL6.

Monitoring Thermal Infra-Red (TIR) from space-borne platforms can provide a
valuable source of data that can complement information from other spectral
domains, especially in terms of spectral emissivity and the temperature of
environmental targets. It has numerous potential applications that include
landscape characterization, including mineral and soll properties, surface
temperature mapping, energy flux estimation, volcanic activity monitoring,
atmospheric temperature profiling, dark-side of moon observations, dust and
regolith dynamics or permafrost thawing, among others.
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Perfectly suited to retrieve Land Surface Temperature (LST) and Land Surface
Emissivity (LES) through Temperature-Emissivity Separation algorithms (TES).
Highly versatile for varied mission objectives by selecting observation period
(day/night), revisit times and accessibility.

Earth Observation
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Prediction Model

Our model MORERA [1] aims to simplify complexity and reduce costs while enhancing the
accuracy of water estimations. This is achieved by harnessing Machine Learning (ML)
regression, cost-effective data sources (NWP, Numerical Weather Prediction), and genuine
evapotranspiration values ET, measurements from weather stations. The prediction system
offers a water irrigation forecast 1-5 days in advance.
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Fig. 2: ETo forecast regression system. Input data (weather forecasts) for inference/training are collected from an NWP, called NOAA
GFS [3]. GFS is constantly updated, free, and provides extensive geographical coverage. Output (ETo) data isonly available during
training, freely collected from a wide network of weather stations [2].

Predictive error vs Hargreaves-Samani

The selected method based on Random Forest I —
outperforms the baseline model: Hargreaves-
Samani [4]: SOTA estimator based on agronomy
approximations for 1-day to 5-day ahead
predictions. Predictive error is reduced by an
order of magnitude for Mean Squared Error
(MSE) metric and about 80% for Root Mean
Squared Error (RMSE)

Random Forest

Hargreaves-Samani

0,00000 2,00000 4 00000

Web Application

« User management, parcel selection from national cadastrial database

 MORERA decreases expenses and simplifies estimations while enhancing accuracy in irrigation
forecasting when compared to State-of- .-, B MORERA SR

the-art techniques. il
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